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ABSTRACT 
 
 
MATLAB is one of the software that can create Graphical User Interface 
(GUI). The GUI will be designed using guide to create the layout editor. The 
objective of this project is to display the signal that is generated by encoder sensor in 
GUI. There are three phases to develop this project. Phase one is a development of 
the sensor circuit to produce signal in analogue form. The next phase is  a construct 
of  the controller circuit in order to convert the analogue signal to digital signal. In 
controller circuit it also used Intergrated Circuit (IC) MAX233. The function of the 
IC is to transmit or retrive the data from external device to the computer or vice versa 
and at the same time it remains the signal in stable condition by amplified the signal 
in order to reduce the losses and noise. At computer, DB9 used to connect with the 
port in computer. The changes of the signal form from analogue signal to digital 
signal are necessary because the computer only can accept the data in digital form. 
The final phase is a development of the GUI in MATLAB. In the end of this project, 
the signal generated by encoder sensor displayed in GUI. 
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ABSTRAK 
 
 
 
 
MATLAB adalah satu perisian yang boleh mencipta GUI. GUI akan dicipta 
menggunakan ‘guide’ untuk membuat ‘layout editor’. Objektif projek ini adalah untuk 
mempamerkan isyarat yang dijanakan oleh ‘encoder sensor’. Terdapat tiga fasa untuk 
membangunkan projek ini. Fasa pertama adalah membangunkan litar pengesan untuk 
menghasilkan isyarat yang man isyarat tersebut ialah isyarat analog. Seterusnya ialah 
membuat litar kawalan untuk menukar isyarat analog kepada isyarat digital. Dalam 
litar kawalan tersebut ia juga menggunakan litar bersepadu MAX233. Fungsi litar 
bersepadu tersebut adalah untuk hantar atau terima data daripada perkakasan luar ke 
komputer atau sebaliknya dan pada masa yang sama ia akan kekalkan signal dalam 
keadaan stabil dengan menguatkan isyarat bertujuan untuk mengurangkan kelesapan 
atau gangguan. Di komputer DB9 telah digunakan untuk hubungkan perkakasan luar 
dengan port dalam komputer. Perubahan bentuk isyarat daripada isyarat analog 
kepada isyarat digital adalah perlu kerana komputer hanya boleh terima data dalam 
isyarat digital sahaja. Fasa yang terakhir ialah membuat GUI dalam MATLAB. Pada 
akhir projek ini, isyarat yang dihasilkan oleh ‘encoder sensor’ boleh dipamerkan dalam 
GUI. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
1.0       Background  
 
 
This project scope is to design and develop encoder sensor using 
microcontroller Motorola 6811 through MATLAB GUI. The main contribution is the 
interfacing of the MATLAB with microcontroller, GUI and Encoder Sensor. This 
project focuses on the measurement of the signal that generate by encoder sensor. 
The signal is in digital because the encoder sensor generate digital signal, it will 
make easy to us to see the result and also can avoid from noise.  
 
The GUI will make easy to us to see the graph in form of graphic. GUI 
developed using MATLAB software because it is suitable with mathematic equation. 
 
This project will help the students to check or trouble shooting their circuit 
using this software in their rooms. The cost to make this project is low than the price 
of the oscilloscope, the most important things we can determine and check the signal, 
same as the function of the oscilloscope. Besides that, the maintenance cost of 
oscilloscope is very high. 
 
 This project is suitable for education purpose. The students can use this 
software to see the signal and measure the signal easily.  
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1.1 Problem Statement 
 
 
This project was done because it is user friendly especially for student to 
make analysis in computer as compared to oscilloscope which price is more 
expensive. However, the future of this project until recently seemed unimpressive in 
find the correct coding to create GUI. 
 
It will become more complicated when GUI involves with complicated 
analysis and mathematical formula. Here, the problem is to create the new coding 
need more research towards GUI. 
 
The other problem is to interface the GUI with microcontroller. The selection 
of microcontroller is quite difficult in order to find suitable microcontroller. Besides 
that, measuring Matlab using command window is not as user friendly as GUI. 
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1.2 Objective  
 
 
The aim of this project is to display the actual signal that generate by encoder 
sensor in GUI. The signal will display in digital signal. 
 
Basically a graph will be displaying as an electrical signal. In most 
applications the graph shows how signals change over time: the vertical (Y) axis 
represents voltage and the horizontal (X) axis represents time.  
 
The main objective of this project is to plot the actual signal that generate by 
encoder sensor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
4 
1.3      Scope of Project 
 
 
This project is design to measure and displays the signal in GUI. The screen 
must display the digital signal. The signal can be adjust by adjust the scale of voltage 
per division or second per division. The function of voltage per division or second 
per division is easily to get the accurate value.  
 
Besides, it is necessary to interface of MATLAB with microcontroller, GUI 
and Encoder Sensor. This project will use microcontroller as a connecter between 
software and hardware. By using microcontroller it will make easy to program and 
the type of microcontroller that will be used in this project is microcontroller 
Motorola 6811. Most importantly, this project is to fulfill two scopes that are display 
the signal on GUI and also can interface between GUI and microcontroller. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW   
 
 
 
2.0 Introduction 
 
 
In order to perform this project, literature review have been made from 
various sources likewise journal, books and other references such as article.  In 
simple term, the reference sources emphasize on few aspects and the important 
aspect is the assembly mechanism analysis and how to design and develop encoder 
sensor, create GUI using MATLAB and construct microcontroller circuit. This 
chapter will describe about GUI, MATLAB GUI, creating GUIs with GUIDE, 
Sensor and Analog sensor, Encoder, microcontroller Motorola 6811 and 
Oscilloscope. 
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2.1 Graphical User Interface (GUI) 
 
 
A GUI is a human-computer interface that uses windows, icons and menus 
and which can be manipulated by a mouse and a good GUI can make programs 
easier to use by providing them with a consistent appearance and with intuitive 
controls like pushbuttons, list boxes, sliders, menus, and so forth. [1][2][3] In 
medical Simulink (MATLAB), it will compare the process of implementing a 
Pharmaco-kinetic/ Pharmaco-dinamic model of a biological system in traditional 
package. During simulation, a scope block automatically produces a time-course of 
the concentration of drug in the model compartments over a specified period.[2]  
 
A window is a (usually) rectangular portion of the monitor screen that can 
display its contents (e.g., a program, icons, a text file or an image) seemingly 
independently of the rest of the display screen. A major feature is the ability for 
multiple windows to be open simultaneously. Each window can display a different 
application, or each can display different files (e.g., text, image or spreadsheet files) 
that have been opened or created with a single application. The GUI components can 
be menus, toolbars, push buttons, radio buttons, list boxes, and sliders -- just to name 
a few. In MATLAB, a GUI can also display data in tabular form or as plots, and can 
group related components. [1][2] 
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2.2 MATLAB GUI 
 
 
The following Graphical User Interface MATLAB programs have been 
developed for the computational aids in the electrical engineering topics outlined in 
the menu at left. These GUI programs with point-and-click features are designed for 
ease of use. These programs together with the traditional hand-written problems can 
help students to develop a stronger intuition and deeper understanding of these 
topics.[4] 
 
The following aims to present some code which is repeatedly used and 
establishes what is expected from objects. The common code as below:  
 
1. Radio Buttons 
 
Where a group of buttons is inter-related, the following code should do: 
set(handles.option1, ’Value’, 1); 
set(handles.option2, ’Value’, 0); 
set(handles.option3, ’Value’, 0); 
where option1 is the source of the callback. For the other options, the only part which 
needs changing is the latter one where the state of the button is defined by a zero or a 
one.[5] 
 
2.  Check Boxes 
 
A naive yet useful implementation of those will involve an element state 
which hold some information about the state of the checkbox or its meaning. 
if (get(handles.state,’Value’) == 0), 
set(handles.checkbox, ’Value’, 0); 
set(handles.state, ’String’, ’0’); 
else 
set(handles.checkbox, ’Value’, 1); 
set(handles.state, ’String’, ’1’); 
end [5] 
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3.  Drop-down Menus 
 
In the following, the menu object needs to first be identified using: 
contents = get(hObject,’String’); 
Subsequently, the menu entry needs to be checked for extraction and setting of 
information. 
if (strcmp(contents{get(hObject,’Value’)},’MenuEntry1’)), 
set(handles.data, ’String’, ’Data1’); 
elseif (strcmp(contents{get(hObject,’Value’)},’MenuEntry2’)), 
set(handles.data, ’String’, ’Data2’); 
else 
msgbox(’Error with menu callback. Parameter passed is not recognised.’); 
end[5] 
 
4.  Sliders 
 
The following code will fetch the quantised value of the slider and assign 
it to a new object called slider_value.set(handles.slider_value, ’String’, 
num2str(ceil(get(handles.slider,) 
For items that need to be ticked and unticked, the following can be 
useful. 
set(handles.menuitem1, ’Checked’, ’off’); 
set(handles.menuitem2, ’Checked’, ’off’); 
set(handles.menuitem3, ’Checked’, ’off’); 
set(handles.menuitem4, ’Checked’, ’on’); 
set(handles.menu_selection, ’String’, ’item4’) [5] 
 
For GUI editing, more efficient work on the code can be done by opening all 
relevant files in advance. I personally write M-files to open all relevant windows at 
the start. Set up a file which includes the following lines: 
edit <m-file1> <m-file2>... 
guide <fig-file1> <fig-file2>... 
where of course the files listed are these which are frequently worked 
upon. [5] 
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MATLAB GUI is a very powerful tool when used correctly. It takes a lot of 
experimenting with and a good background in programming. We also must have a 
good understanding of MATLAB and be able to use the MATLAB language and 
commands to create routines. 
 
 
2.3       Creating GUIs with GUIDE 
 
 
MATLAB implements GUIs as figure windows containing various uicontrol 
objects. You must program each object to perform the action you intend it to do 
when a user activates the component. In addition, you must be able to save and run 
your GUI. All of these tasks are simplified by GUIDE, the MATLAB graphical user 
interface development environment.[9]  
 
GUIDE, the MATLAB Graphical User Interface development environment, 
provides a set of tools for creating GUIs. These tools greatly simplify the process of 
laying out and programming a GUI. GUIDE is displayed when GUI is opened in the 
Layout Editor, which is the control panel for all of the GUIDE tools. The Layout 
Editor will enables to lay out a GUI quickly and easily by dragging components, 
such as push buttons, pop-up menus, or axes, from the component palette into the 
layout area. The following picture shows the Layout Editor.[9] 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Graphical User Interface (GUI) layout 
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Once GUI lay outed of and set each component's properties, using the tools in 
the Layout Editor, GUI can be programmed with the M-file Editor. Finally, press the 
Run button on the toolbar, the functioning GUI appears outside the Layout to see the 
result.  
 
GUI Development Environment 
 
Creating a GUI involves two basic tasks. They are laying out the GUI 
components and programming the GUI components. GUIDE primarily is a set of 
layout tools. However, GUIDE also generates an M-file that contains code to handle 
the initialization and launching of the GUI. This M-file provides a framework for the 
implementation of the callbacks -- the functions that execute when users activate 
components in the GUI.[9] 
 
GUIDE Generated Files 
 
While it is possible to write an M-file that contains all the commands to lay out a 
GUI, it is much easier to use GUIDE to lay out the components interactively. When 
you save or run the GUI, GUIDE automatically generates two files: 
 
 A FIG-file -- a file with a .fig file name extension, which contains a complete 
description of the GUI figure and all of its children (uicontrols and axes), as 
well as the values of all object properties. You make changes to the FIG-file 
by editing the GUI in the Layout Editor.  
 An M-file -- a file with a .m file name extension, which contains the 
functions that run and control the GUI and the callbacks. This file is referred 
to as the GUI M-file.   
  
Note that the M-file does not contain the code that lays out the uicontrols; this 
information is saved in the FIG-file.[9] 
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Features of the GUI M-file 
 
GUIDE simplifies the process of creating GUIs by automatically generating 
the GUI M-file directly from your layout. GUIDE generates callbacks for each 
component in the GUI that requires a callback. Initially, GUIDE generates just a 
function definition line for each callback. You can add code to the callback to make 
it perform the operation you want. The M-file contains two other functions where 
you might also need to add code: 
 
 Opening function -- performs tasks before the GUI becomes visible to the 
user, such as creating data for the GUI. GUIDE names this function 
my_gui_OpeningFcn, where my_gui is the name of the GUI.  
 Output function -- outputs variables to the command line, if necessary. 
GUIDE names this function my_gui_OutputFcn, where my_gui is the name 
of the GUI.[9] 
 
 
2.4 Sensor and Analog sensor 
 
        Sensors translate between the physical world and the abstract world of 
Microcontrollers. Sensors help translate physical world attributes into values that the 
computer on a robot can use. The translation produces some sort of output value that 
the Microcontroller can use. In general, most sensors fall into one of two 
categories.They are analog sensor and digital sensor.[7]  
 
            An analog sensor, such as a CdS cell (Cadmium Sulfide cells measure light 
intensity), might be wired into a circuit in a way that it will have an output that 
ranges from 0 volts to 5 volts. The value can assume any possible value between 0 
and 5 volts. An 'Analog Signal' is one that can assume any value in a range. An 
interesting way to think about this is an Analog Signal works like a tuner on an older 
radio. You can turn it up or down in a continuous motion. You can fine tune it by 
turning the knob ever so slightly.[7] 
